Bacteria of the tribe Klebsielleae are capable of metabolizing the cycitols myoinositol, sequoyitol, and pinitol, which are present in aqueous extracts of redwood. Of the combined Klebsiella isolates from clinical and environmental origins, 100% (138/138), 97% (34/35), and 86% (119/138) fermented inositol, sequoyitol, and pinitol, respectively. These compounds were also used as a sole source of carbon and energy by Klebsiella. Similar results were obtained with Enterobacter isolates, but most other enteric bacteria tested could not metabolize cycitols. Strains of Klebsiella multipled to levels exceeding 105/ml in aqueous extracts of nonsterile redwood within 6 days. Most other enteric bacteria did not grow in these extracts. Cyclitol metabolism was found to correlate well with the ability to multiply in redwood extract in the presence of cycitol-negative indigenous bacteria. The capacity to use cycitols, which are present in a variety of plant material, might afford Klebsielleae of both environmental and clinical origins an advantage in competing for nutrients and colonizing botanical environments.
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The association of coliform bacteria of the tribe Klebsielleae with botanical environments has been well demonstrated. Klebsiella and Enterobacter have been isolated from living trees (1), wood chips (10) , and sawdust (23) , sugarcane wastes (24) , fresh vegetables (8, 10, 12, 29, 30) , industrial effluents containing botanical material (9, 14, 15, 17, 22) , and more recently from colonized staves and potable drinking water stored in redwood reservoirs (28; H. W. Talbot, Jr., J. E. Morrow, and R. J. Seidler, J. Am. Water Works Assoc., in press), and from within redwood lumber (6) . Klebsiella isolated from these environments have been found to be indistinguishable from pathogenic Klebsiella isolates from human and animal sources, based on biochemical, serological, and mouse virulence tests (4, 21, 27) .
In most instances, other coliform and enteric bacteria (including Escherichia coli) are not found in comparable densities with Klebsielleae in these botanical environments (6, 10, 14, 28, 30) . The nutritional bases for this unique colonization are unknown, especially since carbohydrate utilization characteristics throughout the enteric group are similar, particularly between Klebsielleae and E. coli (11) . However, an important biochemical distinction between the Klebsielleae tribe and E. coli is the fermentation of myo-inositol by the former; E. coli and nearly all other enteric bacteria lack this ability (11) . This phenomenon is the basis for a selective medium recently developed for Klebsiella (5). Inositol, a "sugar alcohol," is a member of a class of compounds known as cycitols, which have an extensive distribution in plant material (26) .
The recent reports that document the association of Klebsiella with redwood suggest that there are water-soluble nutrients present in redwood that selectively support the growth of Klebsielleae (28; Talbot et al., in press). A study by Anderson (2) illustrated that cyclitol compounds comprise 38% of the water-soluble extractives of redwood, whereas free sugars make up only 0.5%. Of the cycitols in redwood, pinitol constitutes 61%, sequoyitol 31%, and myo-inositol 7% (3). The remainder of the extractives of redwood are either inhibitory or not metabolizable by most bacteria.
In this investigation, relationships between cyclitol utilization in phenol red broth and in defined media and the ability to colonize aqueous extracts of redwood sawdust with and without the presence of indigenous flora were evaluated for Klebsiella of environmental and clinical origins. Several other genera of gramnegative bacteria were similarly examined.
MATERIALS AND METHODS
Bacterial cultures. Klebsiella isolates used in this study were obtained from sources reported earlier (4, 8, 27, 28) . Three Edwards and Ewing (11) . Aqueous extracts of sawdust. Aqueous extracts of sawdust were prepared by adding 0.25 g of nonsterile or sterile redwood sawdust to 600 ml of sterile doubledistilled water. This concentration was used since it was neither growth inhibitory due to high polyphenolic concentrations, nor provided sufficient extraneous contaminants to indiscriminately allow the growth of cyclitol-negative species. The suspension was allowed to stand at room temperature for 2 days while nutrients were leached from the sawdust. At 2 days, a few drops of sterile 0.1% sodium hydroxide was added to neutralize the extract.
Growth in aqueous extracts of redwood sawdust. Cultures were grown overnight on an incubator shaker in Penassay broth with 1,000,tg of streptomycin per ml, diluted to l0' in Tris buffer, and inoculated into the extract to give initial densities of 100 to 500 cells/ml. The extract was incubated statically at room temperature. Plate counts were made at intervals on plate count agar plus streptomycin, containing 0.05% cycloheximide, to inhibit indigenous bacteria and fungal flora. The indigenous flora (uninoculated sawdust) were enumerated on plate count agar, which was in cubated at room temperature.
Identification of indigenous bacterial flora. Indigenous bacterial flora of redwood sawdust were identified by using 9-digit profiles of the API 20E system. Figure 1 illustrates the structures of myo-inositol, pinitol, and sequoyitol, and presented in Table 1 To assess the influence of indigenous flora on colonization potential in redwood environments, similar experiments were conducted in sterile aqueous redwood extracts (Table 3) . Of the 13 Klebsiella isolates tested, 8 grew to levels greater than 106/ml, and only three did not exceed 105/ml. Two isolates that did not exceed 103/ml in nonsterile extract (UT1500 and MH31) multiplied to levels greater than 106/ml within 6 days in the sterile extract. The Enterobacter and Serratia isolates also attained somewhat higher levels of growth in sterile as compared to nonsterile extracts, as did E. coli and C. freundii. Table 4 presents the correlation between cyclitol utilization in phenol red broth base and the ability to grow in nonsterile aqueous redwood extract. Cyclitol utilization seems to be a prerequisite for successful colonization of nonsterile redwood environments, but cyclitol utilization itself is not always sufficient for growth in this medium. For example, Klebsiella MH31 and S. enteritidis failed to grow in the nonsterile sawdust extracts but fermented all three cyclitols. The Klebsiella grew well in sterile redwood extract, but the Salmonella isolate did not. Enumeration and identification of the indigenous flora of redwood sawdust revealed that two organisms, both nonfluorescent Pseudomonas spp., were the predominant members of the bacterial flora ofredwood sawdust. These organisms increased in numbers from approximately 102 to 106/ml within 6 days in uninoculated nonsterile redwood extract. Neither of the organisms isolated utilized cyclitols when tested in oxidationfermentation (OF) medium (20) 
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